INTRODUCTION
============

Occupational stress refers to the emotional stress that occurs in the course of performing duties in the workplace. It may due to a complex job description, role ambiguity, job insecurity, work overload, and/or unsafe working conditions.[@B1] Occupational stress can also be caused by other difficulties in the course of duty, such as an interpersonal conflict in the workplace, an irrational or authoritative culture of the organization, or a conflict between work and family.[@B2] Interest in occupational stress is rising because it can serve as a motivation for drinking, smoking, or other activities that negatively impact the health of workers.[@B2] In addition, it can cause negative emotions such as depression and anxiety, which can bring personal harm and social costs.[@B3]

Health care workers are known to experience high levels of occupational stress because they are repeatedly exposed to critical and emergency events due to the nature of hospital work.[@B4] Furthermore, they are expected to have high professional competence and moral standards, and are also expected to be able to accomplish excessive work. Physicians usually work long hours and experience many occupational stresses, which results in a high prevalence of depression among them.[@B5] Among professionals in a hospital, nurses are also known to be more depressed and mentally exhausted compared with general workers.[@B6] In fact, most clinical health services are delivered by nurses and nurses are in direct contact with patients most of the time. With the recent emphasis on services for customer satisfaction, health care professionals are expected to not only restore the physical stability of patients, but to come across as tender, caring, and empathetic.[@B4]

Previous studies have reported that occupational stress induces mental health problems.[@B7][@B8][@B9] It was shown that teachers with high occupational stress reported a decreased level of perceived quality of life; however, adequate stress management through social support could improve their quality of life.[@B9] In another study, fire officials with high subjective occupational satisfaction showed lower levels of depression compared to those with low subjective occupational satisfaction.[@B8] Moreover, distress in the job environment was a significant predictor of depression among Korean workers.[@B7]

Repetitive transcranial magnetic stimulation (rTMS) is a therapeutic technique for applying stimulation to the cerebral cortex in a non-invasive manner.[@B10] A current in the coil of the TMS equipment generates a rapidly changing external magnetic field that, in turn, induces an electric current in nerve cells in the brain, thus activating neurons. TMS can regulate the cortical excitability by varying frequency; high-frequency TMS increases cortical excitability, while low-frequency TMS decreases cortical excitability.[@B11] rTMS is used in the treatment of various psychiatric and neurologic diseases such as depression, post-traumatic stress disorder (PTSD), social anxiety disorder, schizophrenia, and Parkinson\'s disease, as well as in neuro-rehabilitation.[@B10][@B12][@B13][@B14][@B15] rTMS was approved by the Food and Drug Administration (FDA) as a treatment to alleviate symptoms of treatment-resistant depression.[@B13] A method of TMS that is effective for depressed patients is high-frequency stimulation on the left dorsolateral prefrontal cortex (DLPFC). In a previous study, it was shown that high-frequency rTMS over the left DLPFC caused a reduction in alpha activity and an up-regulation in cortical activity in depressed patients.[@B16] In addition, the decrease in alpha activity was significantly associated with a reduction in the severity of clinical symptoms.

Unfortunately, so far, there are only limited options in the treatment of occupational stress, including both pharmacological and non-pharmacological interventions. Pharmacological treatment has been used for management of psychiatric symptoms caused by acute and chronic occupational stress, such as depressed mood, anxiety, insomnia, and substance dependence.[@B17] Non-pharmacological interventions have been used for improving coping strategies and relaxing, including cognitive behavior therapy, relaxation therapy, art therapy, as well as psychotherapy.[@B18] Although non-pharmacological interventions are widely used for occupational stress in the clinical setting, there are still very few reports of well-designed randomized controlled trials on their effectiveness. With this study, we aimed to investigate whether rTMS could be an effective non-pharmacological treatment option for occupational stress. We expected that rTMS could be a suitable and effective treatment option, especially for patients who would prefer not to take medications or who experienced adverse effects of pharmacological treatment.

Hypothesis
----------

The effects of rTMS on occupational stress have not yet been conducted in spite of the close relationship between job stress, burnout, and depression. We hypothesized that high-frequency rTMS delivered to the left DLPFC would produce significant stress-relieving and mood-elevating effects among health care workers. We also hypothesized that rTMS would cause a decrease in relative alpha in the left frontal lobe when measured by quantitative electroencephalography (QEEG).

METHODS
=======

Study participants
------------------

Health care workers in four university hospitals in Seoul were recruited with an advertisement in hospital bulletins. Twenty-eight healthy adult women, aged 24 to 45, were recruited. The exclusion criteria were as follows: individuals with 1) past or current diagnosis of any axis I psychiatric disorder based on the Structured Clinical Interview for DSM-IV-TR Axis I Disorders, Patient Edition (SCID-I/P),[@B19] 2) severe medical illness, 3) organic mental disorder, seizure disorder, or mental retardation, 4) pregnancy, 5) current psychotropic medication use, 6) surgical treatment of intracranial lesions, or 7) a magnetic substance in their brain or orbital area. The Institutional Review Board at the Chung-Ang University Hospital approved the study protocol, and all participants provided written informed consent. All study procedures including screening participants, baseline and follow-up assessments of clinical scales and EEG, and data analyses were conducted at the Chung-Ang University Hospital.

At baseline and at the end of the study, patients were assessed with the Korean version of the occupational stress inventory (K-OSI),[@B20][@B21] Beck\'s depression inventory (BDI),[@B22] Beck\'s anxiety inventory (BAI),[@B23] and QEEG using a 21-channel digital EEG system. Participants were randomly divided into two groups: the active-TMS group and the sham-TMS group. Among the 28 enrolled participants, data from four participants were dropped because they did not complete the TMS sessions or QEEG assessment: one participant from the active-TMS group and one participant from the sham-TMS group discontinued the TMS sessions due to headache and one participant from the active-TMS group and one participant from the sham-TMS group missed their QEEG appointments without giving notification. Ultimately, 24 participants completed all TMS sessions and QEEG assessments.

Repetitive transcranial magnetic stimulation procedures
-------------------------------------------------------

rTMS was performed with TAMAS (CR Technology, Korea). All participants underwent 12 sessions of active or sham rTMS delivered to the DLPFC three times a week for four weeks. The standardized treatment location was over the left prefrontal cortex, defined as 5 cm anterior to the motor threshold location along a left superior oblique plane with a rotation point about the tip of the patient\'s nose.[@B24] The motor threshold was estimated before each treatment, which was defined as the lowest stimulation power capable of inducing movement in the right abductor pollicis brevis muscle. With a descending method of limits procedure with 2% steps, the motor threshold was defined as the minimal intensity that produced right thumb contraction. Each session consisted of 32 trains of 10 Hz repetitive TMS delivered in 5-second trains at 110% of the estimated motor threshold. Sham-TMS was performed with a two-wing 90° tilt - sham (placebo) condition.[@B25]

Measures
--------

### The Korean version of the Occupational Stress Inventory

We used K-OSI,[@B20] which was translated into Korean and standardized by Lee et al.[@B21] to assess the level of occupational stress of the participants. K-OSI is a multidimensional assessment that consists of 14 sub-measures in three areas ([Table 1](#T1){ref-type="table"}): 1) stress factors in the workplace: occupational role questionnaire (ORQ), 2) affective responses to stressors: personal strain questionnaire (PSQ), and 3) coping resources for occupational stress: personal resource questionnaire (PRQ). The ORQ consisted of six subscales: role overload (RO), role insufficiency (RI), role ambiguity (RA), role boundary (RB), responsibility (R), and physical environment (PE). The PSQ consisted of four subscales: vocational strain (VS), psychological strain (PSY), interpersonal strain (IS), and physical strain (PHS). Lastly, the PRQ consisted of four subscales: recreation (RE), self-care (SC), social support (SS), and rational/cognitive coping (RC).

### Beck\'s depression inventory and Beck\'s anxiety inventory

BDI[@B22] was used to assess the participants\' level of depression symptoms during the past two weeks. BAI[@B23] was used to assess the participants\' level of anxiety during the past week.

### Quantitative electroencephalography data acquisition and analysis

Electroencephalographic (EEG) activity was recorded with a 21-channel EEG system (model CMXL-P230, Grass-Telefactor, West Warwick, RI, USA). The electrodes were placed on the scalp according to the International 10-20 System with two additional electrodes placed on the inter-connected ear lobe to serve as the reference (A2) and ground (A1) electrodes. The QEEG was recorded with a resolution of 12 bits, a low-frequency filter of 0.5 Hz, a high-frequency filter of 46 Hz, and a sampling frequency of 256 Hz. Impedance was maintained below 5 kΩ. All recordings were performed by the same EEG technician in an electro-magnetically shielded room in the Chung-Ang University Hospital.

EEG activity was recorded with open eyes for 5 minutes and closed eyes for 5 minutes. Artifact-free 120-second periods from the eyes-open condition and 120-second periods from the eyes-closed condition were selected for analysis. Epochs of movement-related artifacts were excluded from the analyses by direct visual inspection of the raw data. The results are presented as absolute spectral power values (µV^2^/Hz) for individual segments of the EEG spectra: delta (0.5--4 Hz), theta (4--8 Hz), alpha (8--12 Hz), sigma (12--16 Hz), low beta (16--24 Hz), high beta (24--32 Hz), and gamma (32--50 Hz). The average power spectrum of the EEG frequencies was calculated by fast Fourier transform (FFT), a mathematical process that identifies the various frequency bands in the QEEG data. Relative power values for each band were derived by expressing absolute power in each frequency band as a percent of the absolute power summed over seven frequency bands (0.5--50 Hz). Complexity 2.0 (Laxtha, Inc., Daejeon, Korea) EEG was used to analyze the QEEG data.

Statistical analysis
--------------------

The differences in age, years of education, duration of employment, working hours per week, marital status, occupation, socioeconomic status, K-OSI scores, BDI scores, and BAI scores between the active-TMS group and the sham-TMS group were analyzed using independent t-tests and chi-square tests. The changes in mean scores of clinical scales from baseline to the follow-up assessment were investigated using repeated measures analysis of covariance (ANCOVA) in both groups controlling for age, years of education, duration of employment, and working hours per week. The changes in relative alpha power in the frontal area were analyzed using repeated measures ANCOVA in both groups controlling for age, years of education, duration of employment, working hours per week, BDI score, and BAI score. All analyses were performed using Statistica 6.0 (2001, StatSoft, Tulsa, OK, USA).

RESULTS
=======

Demographic and clinical characteristics
----------------------------------------

At baseline, there were no significant differences between the active-TMS group and the sham-TMS group in regard to age, duration of employment, working hours per week, marital status, occupation, socioeconomic status, all subscales of K-OSI scores, BDI score, and BAI score ([Table 2](#T2){ref-type="table"}). The active-TMS group showed a significantly higher mean number of years of education (t=-2.51, p\<0.05).

Changes in mean scores of clinical scales from baseline to follow-up
--------------------------------------------------------------------

During the four-week intervention period, the active-TMS group showed significantly greater reductions on the VS (F=5.16, p\<0.05) ([Table 3](#T3){ref-type="table"}), PSY (F=13.92, p\<0.01), and PHS (F=11.30, p\<0.01) subscale scores of PSQ in addition to the total PSQ score (F=20.14, p\<0.001) on the K-OSI. The active-TMS group also showed significantly greater decreases in the BDI score (F=8.70, p\<0.01) compared to the sham-TMS group. There was no significant difference between the active-TMS and the sham-TMS groups in regard to the change in the total ORQ and PRQ scores and the subscale scores of those questionnaires on the K-OSI, as well as the BAI.

Changes in relative alpha power in the frontal area
---------------------------------------------------

During the four-week intervention period, the active-TMS group showed a significantly greater decrease in relative alpha in the F3 electrode (F=5.50, p\<0.05) ([Table 4](#T4){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}) and a significantly greater increase in the F4 electrode (F=6.62, p\<0.05).

DISCUSSION
==========

The most significant findings of this study were that TMS caused a significant decrease in scores on the PSQ subscale of the K-OSI and the BDI. Also, the active-TMS group showed a significantly greater decrease in the relative alpha in the F3 electrode and a significantly greater increase in the F4 electrode compared to the sham-TMS group. High-frequency rTMS on the left DLPFC seemed to stimulate the left frontal lobe and cause a decrease in the relative alpha, resulting in stress-relieving and mood-elevating effects.

In this study, rTMS produced significant stress-relieving and mood-elevating effects among health care workers. The PSQ subscale of the K-OSI reflects affective responses to stressors. Occupational stress is burdensome, can put pressure on individuals, and can cause tension among colleagues.[@B1] Risks inherent with occupational stress are known to confer a negative influence on the quality of life and health status of workers.[@B3] Although we were not able to control the stress factors in the workplace per se, rTMS reduced the grievances and improved the attitude related to the occupation (measured by VS), reduced the degree of emotional and psychological difficulty (measured by PSY), reduced the physical illness and self-care habits related to poor health (measured by PHS), as well as reduced the severity of depressive symptoms (measured by BDI).

In this study, we applied high-frequency rTMS to the left DLPFC to the participants in the active-TMS group. This protocol was similar to the protocol that was approved by the FDA as an alternative treatment for treatment-resistant depression. The left DLPFC is a critical area for depression because focal blood flow in the left DLPFC decreases in depressed patients and, accordingly, the prevalence of depression increases in patients with left prefrontal lobe infarcts.[@B26] In particular, the functional connectivity between the DLPFC and the thalamus in treatment-resistant patients is known to be lessened.[@B27] Therefore, we cautiously suggest that rTMS may lessen negative affect and reduce psychological depression caused by occupational stress by a mechanism similar to how rTMS alleviates treatment-resistant depression. Interestingly, self-perception of physical health was also improved by rTMS in this study. Occupational stress is known to directly cause physical pain and burnout. In fact, musculoskeletal symptoms, especially pain, are associated with not only intensity of labor but also occupational stress.[@B1] rTMS may be able to reduce the occupational stress-induced negative affect and lead to improved self-perception of physical health.

According to the QEEG results of this study, rTMS caused a greater decrease in relative alpha in the left frontal lobes. Major depressive disorders may be related to hypo-activity in the left prefrontal cortex, which means decreased metabolism and dysfunction in the relevant cortical region.[@B28] Hypo-activity in the left frontal lobe is a marker for depression because the alpha idling rhythm in this area may result in a deficit of positive emotions. Left prefrontal hypo-activation can manifest as an increase of alpha power in QEEG, which has an inverse association with neural excitability.[@B16] Thus, we cautiously suggest that high-frequency rTMS on the left DLPFC has stress-relieving and mood-elevating effects by stimulating the left frontal lobe.

Limitations
-----------

The current study had some limitations. First, the number of participants was not large enough to generalize the effects of rTMS on occupational stress to all health care workers; future studies with a larger number of participants will be needed. Second, the clinicians were not blinded to the TMS group allocation and, thus, it is unknown if observer bias occurred; a double-blind research method could avoid this problem in the future. Finally, because we only recruited health care workers, it was not possible to comment on the level of occupational stress these participants were experiencing relative to the general population.

Conclusion
----------

High-frequency rTMS on the left DLPFC had stress-relieving and mood-elevating effects, and these effects were likely due to stimulation of the left frontal lobe. Future studies with a larger population and a longer follow-up period are needed to generalize our results to a broader patient base and assess the optimal amount of time for the treatment.
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###### The questionnaires used in this study and the 14 subscales of the Korean version of the Occupational Stress Inventory
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###### General demographic and clinical characteristics of the study population
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K-OSI: the Korean version of the Occupational Stress Inventory, ORQ: occupational role questionnaire, RO: role overload, RI: role insufficiency, RA: role ambiguity, RB: role boundary, R: responsibility, PE: physical environment, PSQ: personal strain questionnaire, VS: vocational strain, PSY: psychological strain, IS: interpersonal strain, PHS: physical strain, PRQ: personal resource questionnaire, RE: recreation, SC: self-care, SS: social support, RC: rational/cognitive coping, BDI: Beck\'s depression inventory, BAI: Beck\'s anxiety inventory

###### Changes in mean scores of clinical scales from the baseline to the follow-up assessment
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A repeated measure ANCOVA was conducted controlling for age, years of education, duration of employment, and working hours per week. η^2^~P~: Partial Eta squared, TMS: transcranial magnetic stimulation, K-OSI: the Korean version of the Occupational Stress Inventory, ORQ: occupational role questionnaire, RO: role overload, RI: role insufficiency, RA: role ambiguity, RB: role boundary, R: responsibility, PE: physical environment, PSQ: personal strain questionnaire, VS: vocational strain, PSY: psychological strain, IS: interpersonal strain, PHS: physical strain, PRQ: personal resource questionnaire, RE: recreation, SC: self-care, SS: social support, RC: rational/cognitive coping, BDI: Beck\'s depression inventory, BAI: Beck\'s anxiety inventory

###### Changes in frontal alpha waves from baseline to the follow-up assessment
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Controlling for age, years of education, duration of employment, working hours per week, BDI score, and BAI score, a repeated measure ANCOVA was conducted to show the changes in alpha waves between baseline and follow-up. TMS: transcranial magnetic stimulation, BDI: Beck\'s depression inventory, BAI: Beck\'s anxiety inventory, η^2^~P~: Partial Eta squared
